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Abstract 

Introduction: Tendon injury is a major cause of lameness and decreased performance in athletic equines. Various 
therapies for tendonitis have been described; however, none of these therapies results in complete tissue 
regeneration, and the injury recurrence rate is high even after long recovery periods involving rest and 
physiotherapy. 

Methods: A lesion was induced with collagenase gel in the superficial digital flexor tendon in the center portion of 
the metacarpal region of eight equines of mixed breed. After two weeks, the lesions of the animals in the treated 
and control groups were treated through the intralesional administration of mesenchymal stem cells derived from 
adipose tissue (adMSCs) suspended in platelet concentrate (PC) and with phosphate buffered saline (PBS), 
respectively. Serial ultrasound analyses were performed every two weeks. After 16 weeks of therapy, a biopsy was 
performed for histopathological, immunohistochemical and gene expression (type I collagen (C0L1A1), type III 
collagen [C0L3A1), tenascin-C (77VQ, tenomodulin {TNMD), and scleraxis (5CX)) analyses. 

Results: Differences in the ultrasound and histopathological analyses were observed between the groups. 
Improved results were reported in the group treated with adMSCs suspended in PC. There was no difference in the 
gene expression levels observed after the different treatments. The main results observed from the 
histopathological evaluation of the treated group were as follows: a prevention of the progression of the lesion, a 
greater organization of collagen fibers, and a decreased inflammatory infiltrate. A lack of progression of the lesion 
area and its percentage was observed in the ultrasound image, and increased blood flow was measured by 
Power Doppler. 

Conclusions: The use of adMSCs combined with PC for the therapy of experimentally induced tendonitis 
prevented the progression of the tendon lesion, as observed in the ultrasound examination, and resulted in a 
greater organization and decreased inflammation, as observed in the histopathological evaluation. These data 
demonstrate the therapeutic potential of this therapy for the treatment of equine tendonitis. 
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Introduction 

Tendon lesions are a major cause of lameness and re- 
duced performance in athletic horses and may result in 
the early termination of the animals' careers [1]. Ten- 
dinous structures are poorly vascularized, are relatively 
acellular, and have limited potential for regeneration be- 
cause the tendon repair is prolonged and results in the 
formation of scar tissue, which is biomechanically infe- 
rior and prone to lesion recurrence [2]. 

A tendon injury usually requires a considerable rest 
period (from six months to over a year) to allow ad- 
equate tissue repair. Conventional treatments for ten- 
donitis are basically clinical and surgical approaches. 
However, the recovered animals are rarely sufficiently 
healed to allow their return to competitions with a 
performance similar to that observed when they were 
healthy [3]. 

Regenerative medicine has significantly evolved. In 
addition, the use of mesenchymal stem cells (MSCs) and 
the implantation of platelet concentrate (PC) in the ther- 
apy of equine tendonitis have been previously described 
[4-14]. Previous studies have shown a significant de- 
crease in the recurrence rate of tendonitis for a period 
of at least two years in animals treated with cell therapy 
(27%) compared with those that were treated with con- 
ventional therapies (56%) [15]. 

There are several sources of MSCs available, inclu- 
ding the bone marrow, the adipose tissue, the peripheral 
blood, the blood and matrix from the umbilical cord, 
and the tendons [16]. Of these sources, the bone mar- 
row has been considered the most important source of 
MSCs. However, other sources, such as the adipose tis- 
sue, exhibit interesting characteristics, such as a greater 
number of viable MSCs with a high rate of migration 
and cell differentiation; thus, these characteristics make 
this source a convenient source of progenitor cells [17]. 

PC is an autologous biological product that is used in 
equine sports medicine with evident clinical efficacy. 
The benefits of this therapy include minimally invasive 
collection and fast, easy, and low-cost processing. The 
therapeutic efficacy of PC is due to the release of several 
growth factors that are injected directly into the injured 
area [18]. The studies that demonstrate the potential of 
PC in the therapy of equine tendonitis, such as those 
that analyzed the improvement of the score obtained 
through the ultrasound evaluation of clinical cases [14], 
showed increased local vascularization [19] and meta- 
bolic activity, which resulted in the maturation of tissue 
repair [12]. 

The suspension of MSCs in PC has been used with 
promising results in bone repair [20-22]. Only one clini- 
cal study in equines investigated equine tendonitis thera- 
py using mesenchymal stem cells derived from adipose 
tissue (adMSCs) suspended in PC [11], and 14 out of the 



16 animals that underwent superficial digital flexor ten- 
don (SDFT) therapy returned to athletic activity. 

The present study aimed to evaluate the effects of au- 
tologous adMSCs suspended in autologous PC in the 
therapy of animals with experimentally induced tendon- 
itis through ultrasound, histopathological, immunohisto- 
chemical and gene expression analyses. 

Methods 

Animals 

Eight young horses (seven females and one male) of 
mixed breed and aged between three and four and a half 
years were used. The animals were clinically and ultra- 
sonographically examined before the start of the expe- 
riment to ensure that there was no tendon injury. A 
complete blood count was also performed to confirm 
the health status of the animals. All of the animals were 
placed in individual stalls and adapted to daily manage- 
ment for 21 days before the start of the experiment. The 
protocol was approved by the ethics committee for ani- 
mal experimentation of the university (number: 213/ 
2008). In addition to the eight tendons of the horses 
used in the experiment, four tendons were used that 
were obtained from equines (two males and two females, 
mixed breed, aged between three and eight years) that 
were euthanized due to complications during surgical 
procedures that did not compromise the SDFT. The 
samples from euthanized horses were used to standar- 
dize the quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) analysis. The animals' pre- 
vious histories of tendonitis were also researched to 
ensure that the collected fragments were obtained 
from healthy tendons. 

Study design 

The study consisted of two randomly chosen groups: the 
treated group (TG; tendon treated with adMSCs, n = 4) 
and the control group (CG; tendon treated with PBS, 
n = 4). The collection of adipose tissue was performed 
three weeks before the administration of the therapy in 
order to obtain an adequate number of MSCs in culture 
(Week -3). The tendon lesion was then induced two 
weeks before the beginning of the therapy. This time is 
enough to consider a consistent lesion at an early stage 
(Week -2). Ultrasound examinations were performed 
every two weeks until the end of the experiment. After 
16 weeks of therapy, a biopsy of the SDFT was per- 
formed for histopathological, immunohistochemical and 
gene expression evaluations (Week 16). All of the exams 
were performed by experimenters blinded to the study 
conditions (Figure 1). 

Samples from the SDFT of four euthanized horses 
with no history of tendonitis (HG, healthy group, n = 4) 
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were used to assess the gene expression differences bet- to demonstrate the multipotent potential of the cells 
ween the TG and the CG. used (data not shown). 



Isolation and cultivation of stem cells 

For the collection of adipose tissue, the animals were se- 
dated with xylazine (0.7 mg/kg, i.v.). This treatment was 
followed by trichotomy, antisepsis and the subcutaneous 
injection of 20 mL of 2% lidocaine hydrochloride using 
an inverted-L anesthetic block. An approximately 8 cm 
long incision was made. This incision was approximately 
15 cm abaxial to the spine to allow the visualization of a 
layer of fat between the skin and the musculature. 
Approximately 2 g of fat was collected per animal. The 
fat was immediately packed in a tube containing 50 mL 
of Knockout DMEM (Dulbeccos modified Eagles 
medium). 

The adipose tissue was rinsed with PBS to remove any 
contamination with whole blood. This step was followed 
by a gentle mechanical separation using a scalpel and 
anatomical forceps. Then, 3 mL of type I collagenase di- 
luted in 2 mg/mL Knockout DMEM was added to the 
mixture. The mixture was then incubated for 12 hours 
in a humidified incubator at 37°C with 5% C0 2 for the 
enzymatic digestion of the adipose tissue. An equal vol- 
ume of Knockout DMEM containing 10% fetal bovine 
serum (FBS) was then added to the mixture to neutralize 
the enzyme action; the mixture was then rinsed with 
PBS. The cell pellet obtained from each animal was di- 
luted in Knockout DMEM containing 10% FBS and 
transferred to 75-cm 2 culture plates, which were placed 
in an incubator. The culture medium was changed every 
48 hours until the culture plate reached 70% confluence. 
The trypsinization of the cells was then performed, and 
the cells were subjected to the Trypan blue exclusion 
test of cell viability. The culture was maintained until 
the administration of the cell therapy. Prior to the cellu- 
lar implantation, an aliquot of cells (PI) was collected to 
perform the immunophenotypic characterization of the 
cultured cells. As in a previous study, the following 
markers were used in this characterization: CD44, CD90, 
CD 105 and MHC Class II [23]. Adipogenic, chondroge- 
nic and osteogenic differentiations were also performed 



Induction of the tendon lesion 

The tendon lesion was induced in the middle region of 
the metacarpus (in the central portion of the SDFT) in 
one of the forelimbs of the equine, which was randomly 
selected, using sterile-filtered collagenase type I (Sigma, 
St. Louis, MO, USA). Then, 1,000 U of gel collagenase 
was injected into an approximately two-inch-long col- 
umn defect in the center of the stress region of the 
SDFT, 10 to 12 cm distal to the accessory carpal bone 
(ACB). For the correct induction of the lesion, the im- 
plantation was guided by an ultrasound device (My Vet 
Lab 70, Esaote, Genova, Italy) using a sterile 16-gauge 
(G) catheter needle that was manually curved to a 45° 
angle (Figure 2) [24]. After the induction of the lesion, 
the bandage was tied down to the selected member and 
maintained for one week. 

Cell therapy 

Two weeks after the induction of the lesion (T = week 
0), the tendon lesions were treated according to the 
treatment protocol of the respective groups using intra- 
lesional injections that were guided by ultrasound. The 
treated group received 10 x 10 6 adMSCs, which were 
suspended in 1 mL of autologous PC. The collection and 
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processing of the whole blood were performed minutes 
before the cell implantation using a previously estab- 
lished protocol (the platelet activation with calcium hy- 
drochloride was not performed) [25]. The numbers of 
platelets in the whole blood and PC were counted. Ali- 
quots containing 1 mL of PBS for implantation in the 
control group were also prepared. 

For the administration of the therapy, a local tricho- 
tomy was required. This step was followed by anesthetic 
block with 2 mL of 2% lidocaine hydrochloride at the 
point of the needle insertion and antisepsis. The animals 
were also sedated with detomidine (20 (ig/kg, i.v.) and 
maintained in the catch pen throughout the procedure. 
A 21-G needle was used for the administration of the 
therapy. The needle was inserted into the center of the 
SDFT lesion with the aid of ultrasound. The animals 
remained individually confined throughout the experi- 
ment, and the selected members remained bandaged for 
one week after the therapy. 

Clinical evaluation and physical activity 

The vital signs of all of the animals were measured for 
the evaluation of specific clinical signs, such as local sen- 
sitivity, increased temperature and circumference of the 
central region of the metacarpus. The animals were also 
examined daily for lameness throughout the experiment, 
as previously described [26]. 

• Week 0 to 2: Rest in a stall. 

• Week 3 to 5: Walk for 10 minutes, once a day. 

• Week 6 to 8: Walk for 10 minutes, twice a day. 

• Week 9 to 11: Walk for 20 minutes, once a day. 

• Week 12 to 14: Walk for 20 minutes, twice a day. 

• Week 13 to 16: Walk for 30 minutes, once a day. 

Ultrasonographic evaluation 

Ultrasonographic evaluations were performed prior to 
the induction of the lesion, before and after the adminis- 
tration of the therapy (Week 0), and every 14 days after 
the administration of the therapy through the end of the 
experiment (Weeks 2, 4, 6, 8, 10, 12, 14 and 16). The 
real-time B-mode examination was performed using 
ultrasound (My Lab 70, Esaote, Genoa, Italy) equipped 
with a 3- to- 11 MHz multi-frequency linear trans- 
ducer. The lesion regions that received therapy were 
also evaluated using Power Doppler to evaluate the 
micro-vascularization of the tendon with Doppler fre- 
quency of 6.7 MHz, pulse repetition frequency (PRF) of 
370 Hz, and wall filter of 3. 

The tendon region to be treated for each animal was 
determined immediately before the administration of the 
therapy, that is, two weeks after the induction of the le- 
sion. The larger cross-sectional lesion area over the ap- 
proximately 2 cm lesion was used as the criterion. 



The B-mode ultrasound was used to collect longitu- 
dinal images to evaluate the parallelism of the fibers and 
to collect cross-sectional images to measure both the 
cross-sectional tendon area and the cross-sectional le- 
sion area. The percentage of the cross-sectional lesion 
area (lesion area/tendon area x 100) was also calculated. 

The score used to evaluate the bone vascularity was 
adapted for Power Doppler evaluation (Table 1) [27]. 
This score classification was used to score the three im- 
ages obtained in the Power Doppler evaluation videos to 
evidence the greatest possible blood flow. The mean 
score obtained for each animal at various time points 
was calculated, and these data were compared between 
the different groups. 

Tendon biopsy 

The biopsy was performed exactly in the center of the 
lesion 16 weeks after the start of the therapy. The ani- 
mals were subjected to inhalational anesthesia and re- 
ceived 10% xylazine (1.1 mg/kg, i.v.) as premedication. 
Diazepam (0.15 mg/kg, i.v.) and ketamine (2.2 mg/kg, 
i.v.; Dopalen, Vetbrands, Paulinia, Sao Paulo, Brazil) 
were used for the induction, and isoflurane (Cristalia 
Chemicals and Pharmaceuticals, Ltd., Itapira, Sao Paulo, 
Brazil) vaporized in 100% oxygen was used for anesthe- 
sia maintenance. 

The surgical procedures were performed with the ani- 
mals in right lateral decubitus. An approximately 2 cm 
long incision was made at the exact point of injury (11 
to 12 cm ACB) in the skin and subcutaneous tissue until 
the SDFT injury was identified. The biopsy was 
performed in the central portion of the SDFT; the biopsy 
covered the total area of the tendon lesion. After the 
correct identification of the injured area, an approxi- 
mately 0.5-cm 3 sample of the SDFT was collected and 
properly stored for subsequent histopathological evalu- 
ation, immunohistochemical analysis (in 10% buffered 
formalin solution), and RT-PCR (frozen in liquid nitro- 
gen) (see Additional file 1: Figure SI). A simple conti- 
nuous suture of the paratendon was performed using 
Vicryl 2-0 (Ethicon Inc., Johnson & Johnson Medical 
Limited, Kirkton Campus, Livingston, West Lothian, 
UK), followed by skin suture with simple points separated 
with nylon. After the surgical procedure, a compressive 

Table 1 Three analyzed categories and their respective 



scores in the evaluation of the Power Doppler signals 



Category/Score 


0 


1 


2 


3 


Signal strength 


No signal 


Red 


Orange 


Yellow 






Dark Blue 


Blue 


Peacock Blue 


Vessel area (mm 2 ) 


No signal 


1 


2 to 3 


>3 


Number of vessels 


No signal 


1 


2 to 3 


>3 



The Power Doppler signal strength was observed in different colors due to 
differences in the blood flow direction. 
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bandage was applied to the metacarpal region. The ban- 
dage was changed every 24 hours to dress the wound and 
was maintained until the removal of the stitches two 
weeks after the surgery. In the immediate postoperative 
period, all of the animals were treated with phenylbu- 
tazone (4.4 mg/kg, i.v.), which is a non-steroidal anti- 
inflammatory drug, on the first day and for the next four 
days (2.2 mg/kg, PO q24 h). 

Histopathological evaluation 

Histological sections were prepared in a longitudinal 
paraffin block that was processed using the conventional 
paraffinization method. The histological sections were 
stained with hematoxylin and eosin (H&E) and Massons 
trichrome and examined under a light microscope. The 
assessor was blinded to the experimental group. Two 
histological sections were used in each analysis. The 
histopathological analysis was based on scores. All of the 
tendon parameters were scored between 1 (normal) and 
4 (severe changes): shape of tenocytes, density of teno- 
cytes, hemorrhage, neovascularization, inflammatory cell 
infiltrate, linearity of collagen fibers, uniformity of colla- 
gen fibers and thickness of the epitendon. These assess- 
ments were based on those used in previous studies on 
tendon repair [4,26]. 

Immunohistochemical evaluation 

The 5-|im-thick cuts obtained from the paraffin blocks 
were extended on immunoslides (EasyPath, Sao Paulo, 
SP, Brazil). Prior to incubation with the primary anti- 
bodies for collagen type III and factor VIII, the material 
was deparaffinized with successive xylene baths and 
rinsed three times in absolute alcohol followed by wa- 
shes in solutions with decreasing alcohol concentration 
(95% and 85%). The antigen retrieval was performed 
through enzymatic digestion with 2% pepsin (pH 1.8) for 
10 minutes in a 60°C incubator and then for 50 minutes 
in a 37°C incubator. The blocking of the endogenous 
peroxidase was performed using hydrogen peroxide (3%) 
in methanol for 20 minutes, followed by 10 washes with 
distilled water. The peroxidase blocking was followed 
by the blocking of nonspecific binding with 3% milk 
powder for 1 h in a 27°C incubator. The slides were sub- 
sequently rinsed with TRIS solution. The primary anti- 
bodies were incubated for 18 h (overnight) at 6°C using 
polyclonal anti-bovine antibodies for collagen type III 
(Novotec, Saint Martin la Garenne, France) and sheep 
anti-factor VIII (AbD Serotec, Kidlington, Oxford, UK). 
The slides were incubated with the secondary antibody 
(EnVision; Dako, Carpinteria, CA, USA) at room tem- 
perature for 1 h. The material was then incubated with 
DAB (Dako) as chromogen at a dilution of one drop per 
mL of solution. The counter-staining was performed 
with hematoxylin. 



To determine the expression of the markers used, 
five fields of each fragment, which were given a grad- 
uation score ranging from 1 to 4 according to the in- 
tensity and abundance of the marking, were assessed 
(Table 2). 

Table 2 Histological and immunohistochemical scoring 
system used to grade tendon repair in equines 



Variable Score and criterion 



Qh^pvp pvf tpnHnn rplK 

~J\ lakJC Ul LCI IHwl 1 ^.Cll-J 


1 


— I jnp^r (nnrmsh 

— 1 — 1 1 ICOI \\ \{J\ 1 1 \G\ J 




2 


— Slinhtlv nvsl 




3 


— MnHpr^fpIv rm inH 

— ivi^uci a Lciy iuui iu 




4 


— PrpHnmin^ntlv rniinH 

— r i culji i in iai iuy i lju i iu 


D6nsity of t6ndon C6lls 


1 


= Sparse (normal) 




2 


= Slinhtlv inrrpa^pH 

— ^JIIvJI 1 LI V II I^ICOOCV^ 




3 


- MnHprstpIv inrrp^pH 

— i v i^jh c i a lc i y ii i^icaocn 




4 


— f~p| 1 1 3\/prc 

— v_ci i lay ci j 


ncl 1 IUI 1 1 Idy c 


1 


— MUbclll W IUI 1 1 \a\) 




z 


— opdlbc Ul Ul level 1 




3 


— Mi iltinlp 3rP3<; 




4 


— r 1 cUUI IHIIdllLly 1 lei 1 IUI 1 1 lay IL 


Mi imhor of \/occolc 


1 


— INUI 1 1 Idl 




2 


— onyiiLiy niLiedbeu 




3 


= Moderately increased 




4 


— Qpwprplw inf rp^cppl 


Inflammatory cell infiltrate 


1 


= Normal 




2 


= Slinhtlv inrrp^KpH 

— jiivji i Liy ii ilicojcu 




3 


= Moderately increased 




4 


= Severely increased 


Linearity of collagen fibers 


1 


= Linear 




2 


= >50% linear 




3 


= 20% to 50% linear 




4 


= Absence of linear areas 


Uniformity of collagen fibers 


1 


= Uniformity of the diameter of all fibers 




2 


= > 50% of the fibers are uniform 




3 


= 20% to 50% of the fibers are linear 




4 


= Complete disorder of the fibers 


Collagen type III* 


1 


= < 10% type III 




2 


= 10% to 50% type III 




3 


= > 50% a 90% type III 




4 


= > 90% type III 


Factor VIII* 


1 


= Average labeling of cells, no 
recognition of the vascular structure 




2 


= Labeling of a few small vessels 




3 


= Labeling of several small vessels or 
greater vessels 




4 


= Labeling of several great vessels 



^Determined from the immunohistochemical analysis. 
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RNA purification and qRT-PCR 

The total cellular RNA was purified from tendon tissue 
samples using QIA shredder columns (QIAGEN Inc., 
Valencia, CA, USA) and the RNeasy Fibrous Tissue Mini 
Kit (QIAGEN Inc.). The purity and relative quality 
of the RNA were determined by spectrophotometry 
(NanoDrop® 1000 Spectrophotometer, Thermo Scientific™, 
Wilmington, DE, USA). All of the RNA samples were 
treated with RQ1 purified RQ1 RNase Free DNase 
(Promega, Madison, WI, USA) to remove the genomic 
DNA from the samples. The first-strand cDNA was syn- 
thesized using the Superscript® VILO™ cDNA Synthesis 
Kit (Invitrogen™, Carlsbad, CA, USA). 

The relative quantification of the gene expression 
in the TG and CG tendons compared with the HG ten- 
don was performed using the comparative Ct method 
(2" AACT method) for the relative processing of real-time 
PCR data [28], which was obtained with a 7500 Fast 
Real-Time PCR System (Applied Biosystems™, Foster City, 
CA, USA) and a TaqMan PCR Universal Master Mix II. 
The equine primers for type I collagen (COL1A1), type III 
collagen (COL3A1), tenascin-C {TNC), tenomodulin 
(TNMD), scleraxis (SCX), 18S and fi-actin were designed 
as previously described [26,29]. COL1A1, COL3A1, TNC, 
TNMD and SCX were used as target genes, whereas 18S 
and fi-actin were used as reference genes. 

Each RT-PCR reaction was performed in triplicate and 
conducted in a total volume of 20 uL, which contained 
0.3 uM of each forward and reverse primers, 0.15 uM of 
each probe, 2 uL of the cDNA template, 10 uL of the 
master mix, and 6.5 uL of nuclease-free water. Addition- 
ally, a "no template" control was included in triplicate 
on each plate. The following PCR conditions were used: 
initial denaturation at 95°C for 10 minutes and 40 cycles 
at 95°C for 15 s and 60°C for 1 minute. The data analysis 
was performed through the normalization of the ampli- 
fied value of each target gene with the arithmetic mean 
of the threshold cycle (CT) of the corresponding en- 
dogenous control. A sample of the HG was selected for 
calibration and used on each plate. The gene expression 
of the target genes in the TG and CG was calculated 
relative to that in the HG. 

Statistical analysis 

For the ultrasonographic evaluation, the mixed model 
repeated measures design (PROC MIXED, SAS Institute 
Inc., Cary, North Carolina, USA) was used to compare 
the average lesion percentage or the average lesion area 
between the experimental groups and time points. The 
initial time (Week 0) was also used as a reference for the 
comparison of the different time points within a group. 
An interaction term between the treatment and the time 
point was included to test the hypothesis that the differ- 
ence between treatments was time-dependent. Tukeys 



method was used to adjust the P-values that resulted 
from the multiple comparisons. An autoregressive co- 
variance structure was used to model the repeated mea- 
sures in the same animal. The Wilcoxon test (PROC 
NPAR1WAY, SAS Institute Inc., Cary, North Carolina, 
USA) was used to compare the median score of 
echogenicity of each time point between treatments. 

In the histopathological evaluation, the Wilcoxon test 
(PROC NPAR1WAY, SAS Institute Inc., Cary, North 
Carolina, USA) was used to compare the average sum of 
the scores between the different groups. In the immuno- 
histochemical evaluation, the Wilcoxon test (PROC 
NPAR1WAY, SAS Institute Inc., Cary, North Carolina, 
USA) was used to compare the median score between 
the different treatments. We also used the Wilcoxon test 
(PROC NPAR1WAY, SAS Institute Inc., Cary, North 
Carolina, USA) for the statistical evaluation of the rela- 
tive gene expression of COL1A1, COL3A1, TNC, TNMD 
and SCX between the TG and the CG. The Wilcoxon 
test was also used to compare the RNA concentration 
obtained between the different groups. 

Results 

Animals 

One of the animals of the control group died during the 
course of the experiment due to causes unrelated to the 
study; this death decreased the number of animals in 
our experiment. 

Isolation and cultivation of adMSCs 

Approximately 2 g of adipose tissue was collected from the 
selected animals. No problems were encountered with the 
healing of the wound located on the back of the animals. 
A cell cultivation time of three weeks was sufficient for the 
expansion of the necessary number of adMSCs (10 x 10 6 ) 
for the cell therapy on the first pass (PI). After five days of 
culture, the number of viable stem cells ranged from 3 x 
10 6 to 6 x 10 6 (mean = 4 x 10 6 ), with a cell viability greater 
than 96% in all of the samples. After 21 days of cell culture, 
the number of viable cells ranged from 14 x 10 6 to 22 x 
10 6 (mean 16 x 10 6 ), with a cell viability greater than 98%. 

Cell therapy and clinical evaluation 

The implantation of 10 x 10 6 equine adMSCs suspended 
in platelet concentrate and the intralesional injection of 
PBS was successfully performed in all of the animals. 
The platelet concentration in the whole-blood samples 
ranged from 110 xlO 3 platelets/uL to 171 x 10 3 plate- 
lets/uL (mean = 121 x 10 3 platelets/ uL). The autologous 
platelet concentrate used for the suspension of the MSCs 
derived from adipose tissue was successfully obtained in 
all of the samples; the platelet concentration ranged from 
305 x 10 3 platelets/uL to 377 x 10 3 platelets/uL (mean = 
321 x 10 3 /uL). The leukocyte concentration ranged from 
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2,050 leukocytes/uL to 2,900 leukocytes /(iL (mean = 2,350 
leukocytes/ uL). 

There was no change in any of the clinical parameters 
of the animals during the experiment, and there was no 
difference in the sensitivity, the temperature and the cir- 
cumference of the central metacarpal area, as well as the 
presence of lameness, between the different experimen- 
tal groups. 

Ultrasonographic evaluation 

The results of the statistical modeling suggested that 
there was a time-dependent difference in the cross- 
sectional lesion area and its percentage between the 
treatments (P = 0.02 and 0.002 for the interaction be- 
tween treatments and time points, respectively). How- 
ever, the comparisons between the treatments made 
within each time point revealed no significant diffe- 
rences (Figure 3). The figure shows that the cross- 
sectional lesion area and its percentage in the TG 
remained constant and then decreased. The figure also 
shows that there was an increase in the cross-sectional 
lesion area and its percentage in the CG at Weeks 2, 4 
and 6 (Figure 4). This increase was followed by a subse- 
quent decrease. A different data analysis observed the 
evolution of the cross-sectional lesion area and its per- 
centage in the TG and the CG between the time of treat- 
ment administration (Week 0) and the other studied 
time points. The analysis showed that the CG had a 
significant difference between Week 0 and Week 4 
(cross-sectional lesion area, P = 0.0002; percentage of 
cross-sectional lesion area, P = 0.0003) and between Week 
0 and Week 6 (cross-sectional lesion area, P = 0.001, per- 
centage of cross-sectional lesion area, P = 0.022), whereas 
the TG did not show any differences (Figure 3). 

The analysis of the sum of the scores used for the 
evaluation of Power Doppler revealed no significant dif- 
ference between the treatments (P = 0.097). However, 
when the different assessed time points were individually 
compared, an increased blood flow was observed in the 
TG compared with the CG at Week 6 (P = 0.05; Figures 5 
and 6). 

Histopathological evaluation 

The longitudinal histopathological specimens stained 
with H&E and Masson trichrome were analyzed and 
classified according to pre-established scores. Based on 
the analysis method used, a normal tendon would obtain 
a score of 8, whereas a tendon with maximum- severity 
histopathological damage would obtain a score of 32. 
The sum of the scores in the TG (14.75 ± 2.98) was sig- 
nificantly lower (P = 0.049) than the sum of the scores in 
the CG (22.66 ±2.51). Overall, the TG exhibited bet- 
ter score results of the linearity of the collagen fibers 
(P = 0.04), compared with the CG. Among the individual 
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Figure 3 Ultrasonographic measurements. A) Relationship 
between the lesion area in the treated and the control groups at 
different time points after therapy. B) Relationship between the 
percentage of the cross-sectional lesion area in the different groups 
at different time points after therapy. 



variables assessed in the histopathological evaluation, the 
presence of inflammatory cell infiltrates showed the lar- 
gest difference between the groups (P = 0.03): the treated 
group (mean = 2 ± 2.0) exhibited better results compared 
with the control group (mean = 3.66 ± 0.57; Figure 7). 

Immunohistochemical evaluation 

The distribution and intensity of the labeling of collagen 
type III and factor VIII were scored in the cross-sections. 
No significant differences were observed in the scores 
given to the marking of collagen type III and factor 
VIII between the different groups (see Additional file 2: 
Figure S2). 

RNA purification and qRT-PCR 

The RNA quality obtained from all of the tendon sam- 
ples from all of the groups was assessed by a spectro- 
photometer at 260:280 nm (data not show). The RNA in 
the samples exhibited median concentrations of 161.85 ± 
54.74 ng/uL in the TG, 132.4 ± 90.1 ng/uL in the CG, and 
67.35 ± 31.05 ng/uL in the HG. The evaluation of the gene 
expression found no difference in the expression of the 
anabolic genes (COL1A1, COL3A1 and TNC) between 
the different groups, but a trend higher (P = 0.08) 
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Figure 4 Transverse ultrasound images. The images were obtained 12 cm distal to the accessory carpal bone, six weeks after therapy. 
A) Treated group. B) Control group. 



expression of COL3A1 was observed in the control group. 
There was no difference in the expression of the phe- 
notypic genes (SCX and TNMD) between the different 
groups (see Additional file 3: Table SI). 



Discussion 

The histopathological evaluation revealed that the ad- 
ministered therapy resulted in a better organization of 
collagen fibers and a decreased inflammatory infiltrate. 
The ultrasound evaluation showed a lack of lesion pro- 
gression (lesion area). An increased number and in- 
tensity of the signals detected by the Power Doppler 
examination was observed; this result evidenced the 
presence of increased blood flow in the treated area of 



the TG. The therapy used did not result in any diffe- 
rences in the expression levels of any of the genes tested. 

Tendon lesions can be induced by different methods. 
These techniques are basically divided into physical 
and enzymatic methods, such as the use of collage- 
nase [4,5,8,13], collagenase gel [24,26], and surgical 
induction [30]. Although several studies have been 
conducted on the subject, there is still no consensus 
on which is the best induction technique [31]. The 
tendon lesion resulting from the use of collagenase 
for the induction of tendonitis is not identical to the 
lesion resulting from the etiopathogenesis of a naturally 
occurring injury. However, the collagenase method ex- 
hibits several advantages over the other methods, such as 
the development of hypercellularity, the loss of 
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Figure 5 Power Doppler evaluations. Relationship between the Power Doppler scores in the treated group and control group at different 
times point after therapy. 
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Figure 6 Cross-sectional image of the Power Doppler 
ultrasonographic cross-sectional evaluation. The images were 
obtained 12 cm distal to the accessory carpal bone six weeks after 
therapy. A) Treated group: vessel area = 3 mm 2 , signal strength = 2, 
number of vessels = 1 . B) Control group: vessel area = 1 mm 2 , signal 
strength = 1 , number of vessels = 1 . 



organization of the extracellular matrix (ECM), the in- 
creased vascularization, and the absence of inflammation 
mediated by inflammatory cells in the injured tendon [32]. 
The results obtained from the induction of the tendon le- 
sion using collagenase gel are consistent with those 
reported previously [24]: it was possible to create consist- 
ent lesions, and there was minor extravasation of the en- 
zyme to the epitendon. 




The collection of adipose tissue, although considered 
an invasive procedure, proved to be a relatively simple 
technique [4,5,23], and no postoperative complications 
were observed in the animals. The isolation of the stromal 
vascular fraction and the subsequent culture of adMSCs 
until a sufficient amount was obtained (approximately 
10 x 10 6 MSCs) for the implementation of the stem cell 
therapy were successfully achieved during the three week 
period used in this experiment. Although the quantifica- 
tion of the cell duplication of adMSCs was not performed 
in the present study, the data obtained are consistent with 
the results previously described in studies that reported 
the rapid growth of these cells in culture, which enables 
the generation of a higher concentration of progenitor 
cells in a shorter period of time [17,33]. 

Some studies that use MSCs derived from bone mar- 
row for the therapy of equine tendonitis use a marrow 
puncture to isolate the bone marrow supernatant to sus- 
pend the stem cells at the time of the therapy. There are 
reports of beneficial effects from this type of therapeutic 
combination due to the improvement in the therapeutic 
effect of the progenitor cells that is induced by the 
stimulant effects of the bone marrow supernatant [34]. 
In addition to the bone marrow supernatant [15,35], 
progenitor cells have been previously suspended in PBS 
[3,4,13], cell culture medium [26], autologous serum 
[5,10], plasma [6], and platelet-rich plasma [11]. In the 
present study, we chose to prepare the stem cell suspen- 
sion in PC to combine the therapeutic effects of MSCs 
derived from the adipose tissue with the growth factors 
that are released by platelets after their activation. Our 
use of double centrifugation for the collection of the PC 
proved effective and enabled the collection of a PC with 
an average platelet number that was greater than that 
reported by previous studies [14,25]. 

Although the PC was not activated in this study, there 
is clinical evidence that demonstrates an improvement 
in tendon repair after therapy using a non-activated PC 




Figure 7 Histopathological image of the superficial digital flexor tendon. The figures show histopathological specimens stained with 
hematoxylin & eosin (H&E) using a 20x objective. A) Healthy group: healthy tendon. B) Treated group: tendon treated with the combination of 
MSCs derived from adipose tissue and platelet concentrate. C) Control group: tendon treated with PBS (the white arrow indicates the presence of 
a tenocyte and the black arrow indicates the presence of inflammatory cells). 
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[12]. The positive results obtained with the use of non- 
activated PC can be explained by the in situ activation of 
platelets and the subsequent release of growth factors 
due to its stimulation by the components present in the 
local environment (for example, collagen) [36]. The acti- 
vation of platelets can be induced by several methods. A 
recent study in horses showed that CaCl 2 induced the 
highest concentration of growth factors compared with 
the other various types of platelet activators tested. How- 
ever, we chose to not exogenously activate the platelet 
concentrate prior to the tendon therapy due to our uncer- 
tainty of the safety of its use in vivo [18]. 

The therapy adopted in this study, which was followed 
by rest with gradual increases in physical activity, was 
proven feasible. There were no episodes of lameness or 
sensitivity in the tendon after the administration of the 
therapy. Some researchers believe that physical activity, 
when correctly and gradually applied, can result in de- 
creased tendon recovery time [11]. 

The results of the clinical assessment are consistent 
with the results obtained in previous studies: there was 
no difference in the sensitivity and the average circum- 
ference of the central portion of the metacarpal region 
between the groups [5]. There was also no difference in 
the degree of lameness between the groups [26]. The 
ultrasound evaluation revealed improvement of the 
cross-sectional lesion area and its percentage in the TG 
compared with the CG. This result is consistent with 
previous studies that used MSCs for the therapy of 
equine tendonitis [8,10,37]. The lack of significant differ- 
ences between the cross-sectional lesion area and its 
percentage at different time points after the therapy can 
be justified by the correction of the P-values resulting 
from Tukeys test and by the accidental reduction of the 
size of the CG. 

The interpretation of the evolution of the cross - 
sectional lesion area and its percentage in the TG and 
the CG between the time of therapy (Week 0) and the 
subsequent assessment times shows significant differen- 
ces between the groups at Weeks 4 and 6. This result 
demonstrated that the therapy used in this study ex- 
hibited a preventive action on the progression of the 
lesion because the TG showed no increase in the cross- 
sectional lesion area or its percentage (Figure 3). 

This absence of lesion progression can be largely 
explained by the an ti- inflammatory and immunomodula- 
tory action of the therapy [38,39]. We hypothesize that 
the moment of therapy administration may have con- 
tributed to these data because the preventive action of 
the therapy on the progression of the tendon lesion in 
the TG can be more clearly demonstrated in the ultra- 
sound evaluation (the tendon lesion is not yet fully de- 
veloped at this point). If the therapy had been performed 
four weeks after the induction of the lesion, we would 



certainly not find this preventive action because the le- 
sion would have already reached its maximum size. This 
statement is based on a recent study that used a tech- 
nique similar to the induction of tendon injury with the 
collagenase gel that was used in the present study. The 
study demonstrated that the maximal cross-sectional area 
of the lesion and the maximal relative cross-sectional area 
of the lesion of the SDTF are found four weeks after lesion 
induction [24]. 

The use of Color Doppler ultrasound for the assess- 
ment of the vascularization in equine tendonitis [40] and 
after therapy for equine tendonitis with PC [19] has been 
described. Although Power Doppler does not provide in- 
formation on the blood flow speed or direction, as can 
be obtained with the Color Doppler ultrasound, Power 
Doppler has a greater sensitivity to the presence of blood 
and to the blood volume, which enables the visualization 
of smaller vessels [27]. The results of the assessment of 
the vascularization obtained in this study indicate that 
there was increased blood flow in the treated group six 
weeks after the start of the therapy compared with the 
control group (P = 0.05). This result suggests that a biopsy 
at Week 6 would more likely find a larger number of ves- 
sels in the treated group than in the control group; this 
would be true in both the histopathological analysis and 
the immunohistochemical evaluation using factor VIII. 
The vessels are poorly visualized with the Color Doppler 
evaluation of a healthy digital flexor tendon. Hypervascu- 
larity is expected during the tissue repair process, but 
there is decreased vascularity with the progress of tendon 
repair [40]. 

The semi-quantitative morphological evaluation de- 
monstrated the histopathological improvement of the 
treated group compared to the control group; this 
improvement is based on the cumulative sum of histo- 
logical scores (P = 0.049). This evaluation also demon- 
strated a reduction in the inflammatory infiltrate and an 
improved organization of the ECM. These data are in 
agreement with previously reported results [4,5,13]. An 
improved linearity and uniformity of the collagen fibers 
was also observed in the treated group compared with 
the control group. 

The action of the anti- inflammatory therapy is evident 
after combining the analysis of the histopathological data 
with the ultrasound evaluation (Weeks 2, 4 and 6). The 
cross-sectional area and its percentage did not worsen 
with therapy in the TG (Weeks 2, 4 and 6), whereas 
there was an increase in the lesion in the same period in 
the CG. This result suggests a possible anti- inflammatory 
effect on the progression of the lesion that prevents it 
from increasing in size by either minimizing or stabilizing 
the degeneration of the tendon fibers. The decreased in- 
flammation after the implantation of adMSCs is likely due 
to the immunosuppressive effect of these cells [39,41,42]. 
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There are several mechanisms that compose the anti- 
inflammatory effects of MSCs that benefit tendon repair; 
these include an increase in chemokines, the suppression 
of cytokine secretion from dendritic cells, and a reduction 
in the effects of T lymphocytes and natural killer cells. 
These data highlight the potent anti-inflammatory and im- 
munosuppressive effects of these cells. Given these potent 
immunomodulatory effects of MSCs, it is not surprising 
that these cells are being used in clinical studies of graft- 
versus-host disease, which is usually a fatal condition after 
organ transplantation [43]. 

The immunohistochemical evaluation found no diffe- 
rence in the expression of collagen type III and factor 
VIII between the different groups. Previous studies have 
described the use of mononuclear cells derived from 
adipose tissue and adMSCs for the therapy of equine 
tendonitis. These studies have demonstrated a decreased 
expression of type III collagen in the treated group [4,5]. 
In addition, another study described the quantification 
of the blood vessels present in the SDFT treated with 
PC using factor VIII [19]: a greater amount of vessels 
was found in the group that received therapy with a 
platelet concentrate. Factor VIII is a clotting pro-cofactor 
that is found only on intact and functional endothelial 
cells of blood vessels; thus, this factor is an important tool 
for the evaluation of tissue vascularization [44] . 

The increased expression of the COL1A1, COL3A1, 
TNC, TNMD and SCX genes in the tendons of the TG 
and the CG compared with the HG are consistent with 
the results obtained in a previous study [24]. Soon after 
tendon injury occurs, the expression levels of COL1A1 
and COL3A1 increased [45]. The expression level of 
TNC, which is an ECM protein that is synthesized 
during inflammation and tissue remodeling [46] and 
modulates the binding of cells to ECM components, also 
increased [47]. TNMD regulates the proliferation of 
tenocytes and the maturation of collagen fibers [48] . The 
increased expression of .SCX in the injured tendons was 
consistent with the attempt to repair the tissue because 
this gene regulates the tendon progenitor cells [49] and 
is a marker of tendon and ligament development [49]. 

Although an increases expression of the tested genes 
was observed in the injured tendons (TG and CG) com- 
pared with the healthy tendons (HG), no difference was 
observed between the expression in the different injured 
groups (TG and CG). This result is consistent with the 
results obtained in previous studies [13,26]. However, a 
trend for increases in the expression of COL3A1 was ob- 
served in the control group (P = 0.08). Soon after tendon 
injury, the gene expression levels of collagen type I and 
III increase. The decrease in the concentration of col- 
lagen type I compared with that of collagen type III is 
more closely related to the formation of scar tissue than 
to tendon regeneration [26]. Thus, the lower expression 



of the COL3A1 gene in the treated group suggests that 
the tendons in the TG are better repaired than those in 
the CG. However, this result should be examined with 
caution because the difference in the expression levels of 
COL3A1 between the groups was not significant and 
because no increase in the collagen type III protein 
expression was observed in the immunohistochemical 
evaluation. 

Only one study has reported differences in gene expres- 
sion after the use of cell therapy for equine tendonitis. 
This study reported an increase in the expression of the 
gene cartilage oligomeric matrix protein (COMP) after 
tendonitis therapy with mononuclear cells derived from 
adipose tissue [4]. A likely explanation for the lack of gene 
expression differences between the tendons of the TG, 
which exhibited improved histological and ultrasound 
characteristics, and the tendons of the CG is that the 
tested genes, although associated with tendon repair, are 
not specific. Thus, further research is necessary to select 
genes that are better markers of tendon repair [50,51]. 

A limitation of the present study was the fact that the 
investigation did not determine the exact mechanism of 
action of the therapy that was used. This lack could have 
been due to trophic action (local modulation of cyto- 
kines), the replacement of cells from the injured tissue, 
local immunomodulation, or other mechanisms that 
favor the improvement of tissue repair evidenced by 
histopathological and ultrasound analyses. 

There is great difficulty in the development of a well- 
designed large-scale study involving equines. The lack of 
basic knowledge of the behavior of adult stem cells and 
PC after their administration is also undeniable. Progeni- 
tor cells are believed to differentiate in the specific tissue 
site into which they were deployed (for example, tenocyte 
differentiation) and thus promote the production of the 
appropriate ECM. These cells can also synthesize bioactive 
proteins (for example, growth factors and cytokines) that 
promote the recruitment of endogenous stem cells and 
the anabolic stimulation of newly recruited cells and the 
mature cells of the tissue itself [16]. 

Similar to other experiments that used cell therapy with 
or without PC for the treatment of equine tendonitis 
[4-8,11,13,26], the present study demonstrated a satisfac- 
tory result. However, it has limitations regarding the effects 
of the therapy used. The results demonstrate that there is 
no definition for the effectiveness of a therapy for the treat- 
ment of equine tendonitis. Based on the preventive result 
obtained with the adMSCs suspended in PC on the pro- 
gression of the lesion in the ultrasound evaluation (cross - 
sectional lesion area and its percentage), further studies 
should be conducted to confirm this preventive action and 
the mechanism of action of the therapeutic association, as 
well as the action of progenitor cells and platelets alone as 
the lesion progresses. This conclusion is consistent with 
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that described in a recent study on tendonitis, which states 
that prevention can have a significantly greater clinical im- 
pact than therapy due to the impossibility of tendon regen- 
eration [52]. 

Future studies should be conducted to further elucidate 
the ideal time of administration of the equine tendonitis 
therapy, which is currently standardized between 7 and 
45 days after the onset of the lesion. Additionally, further 
studies would contribute to the understanding of when 
the best therapeutic results are obtained and whether it 
really is possible to prevent further injury when the ther- 
apy is administered to a still-developing injury. 

Basic studies that elucidate the real mechanism of action 
of the therapy used in tissue repair should also be 
conducted to confirm the differentiation of the stem cells 
used, analyze the release of trophic factors (for example, 
cytokines and growth factors), and verify the anti- 
inflammatory and immunomodulatory action of the ther- 
apy. Better knowledge of the etiopathogenesis of tendonitis 
associated with the knowledge of the mechanism of action 
of adult stem cells and activated platelets will enable im- 
proved clinical outcomes and result in the verification of 
the therapeutic efficacy of this new biotechnology. 

Conclusions 

The present study demonstrated that the use of adMSCs 
combined with PC had a favorable action in the therapy 
of tendonitis. This result was verified mainly by the 
prevention of the progression of the lesion, which was 
observed in the ultrasound evaluation, and by the sig- 
nificant improvement observed in the histopathological 
analysis scores. Future studies should be conducted to elu- 
cidate the immunomodulatory action of adMSCs com- 
bined with PC and the best time for its administration. 

Additional files 



Abbreviations 

ACB: Accessory carpal bone; adMSCs: Mesenchymal stem cells derived from 
adipose tissue; CG: Control group; C0L1A1: Type I collagen; C0L3A1: Type III 
collagen; COMP: Gene cartilage oligomeric matrix protein; CT: Threshold 
cycle; DMEM: Dulbecco's modified Eagle's medium; ECM: Extracellular matrix; 
FBS: Fetal bovine serum; H&E: Hematoxylin and eosin; HG: Healthy group; 
MSCs: Mesenchymal stem cells; P1: First pass; PBS: Phosphate buffered saline; 



PC: Platelet concentrate; PRF: Pulse repetition frequency; RT-PCR: Real-time 
polymerase chain reaction reverse transcription; SCX: Scleraxis; SDFT: 
Superficial digital flexor tendon; TG: Treated group; 77VC: Tenascin-C; 
TNMD: Tenomodulin. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

AMC, ALGA, ASB, CAH and ED contributed to the conception and design of 
the study. AMC, PRB, LECA and ALMY collected and assembled the data. 
AMC, PRB, LECA, ALMY, ASB, CAH, ED and ALGA took part in data analysis 
and interpretation. AMC, ALMY, PRB, LECA and ALGA wrote and revised the 
paper, while AMC, ALGA, ASB and ED edited the manuscript. ALGA and CAH 
were in charge of financial and administrative support. All authors have read 
and approved the manuscript for publication. 

Acknowledgments 

The authors thank the Sao Paulo Research Foundation (FAPESP) for the PhD 
grant (process: 2009/10670-8) and for the financial assistance that allowed 
the development of this project (process: 2010/03567-3). 

Author details 

department of Veterinary Surgery and Anesthesiology, School of Veterinary 
Medicine and Animal Science, Sao Paulo State University, Rubiao Junior, 
18618-970 Botucatu, Sao Paulo, Brazil, department of Veterinary Clinic, 
School of Veterinary Medicine and Animal Science, Sao Paulo State 
University, Rubiao Junior, 18618-970 Botucatu, Sao Paulo, Brazil, department 
of Animal Reproduction and Veterinary Radiology, School of Veterinary 
Medicine and Animal Science, Sao Paulo State University, Rubiao Junior, 
18618-970 Botucatu, Sao Paulo, Brazil. 4 Blood Center, Botucatu Medical 
School, Sao Paulo State University, Rubiao Junior, 18618-970 Botucatu, 
Sao Paulo, Brazil. 

Received: 4 January 2013 Revised: 22 April 2013 
Accepted: 18 July 2013 Published: 22 July 2013 

References 

1. Kasashima Y, Takahashi T, Smith RK, Goodship AE, Kuwano A, Ueno T, 
Hirano S: Prevalence of superficial digital flexor tendonitis and 
suspensory desmitis in Japanese thoroughbred flat racehorses in 1999. 
Equine Vet J 2004, 36:346-350. 

2. Avella C, Ely E, Verheyen K, Price J, Wood J, Smith R: Ultrasonographic 
assessment of the superficial digital flexor tendons of National Hunt 
racehorses in training over two racing seasons. Equine Vet J 2009, 

41 :449-454. 

3. Marfe G, Rotta G, De Martino L, Tafani M, Fiorito F, Di Stefano C, Polettini M, 
Ranalli M, Russo MA, Gambacurta A: A new clinical approach: use of 
blood-derived stem cells (BDSCs) for superficial digital flexor tendon 
injuries in horses. Life Sci 2012, 90:825-830. 

4. Nixon AJ, Dahlgren LA, Haupt JL, Yeager AE, Ward DL: Effect of 
adipose-derived nucleated cell fractions on tendon repair in horses with 
collagenase-induced tendinitis. Am J Vet Res 2008, 69:928-937. 

5. Carvalho A, Alves A, de Oliveira P, Alvarez L, Amorim R, Hussni C, Deffune E: 
Use of adipose tissue-derived mesenchymal stem cells for experimental 
tendinitis therapy in equines. J Equine Vet Sci 201 1, 31:26-34. 

6. Smith R, Korda M, Blunn G, Goodship A: Isolation and implantation of 
autologous equine mesenchymal stem cells from bone marrow into the 
superficial digital flexor tendon as a potential novel treatment. Equine Vet 
J 2003, 35:99-102. 

7. Crovace A, Lacitignola L, De Siena R, Rossi G, Francioso E: Cell therapy for 
tendon repair in horses: an experimental study. Vet Res Commun 2007, 
31:281-283. 

8. Crovace A, Lacitignola L, Rossi G, Francioso E: Histological and 
immunohistochemical evaluation of autologous cultured bone marrow 
mesenchymal stem cells and bone marrow mononucleated cells in 
collagenase-induced tendinitis of equine superficial digital flexor tendon. 

Vet Med Int 2010, 2010:250978. 

9. Lacitignola L, Crovace A, Rossi G, Francioso E: Cell therapy for tendinitis, 
experimental and clinical report. Vet Res Commun 2008, 32:S33-S38. 



Additional file 1: Figure SI. Biopsy of the superficial digital flexor 
tendon (SDFT). A) Isolation of SDFT in the central metacarpal region of 
forelimb, 10 to 1 1 cm distal to the accessory carpal bone. B) Biopsy of 
the lesion area in the center of the SDFT. 

Additional file 2: Figure S2. Immunohistochemical image of the 
superficial digital flexor tendon. A) Immunohistochemical image for 
collagen III, treated group, 40x objective. B) Immunohistochemical image 
for collagen type III, control group, 40x objective. C) Immunohistochemical 
image for factor VIII, treated group, 20x objective. D) Immunohistochemical 
image for factor VII, control group, 20x objective. 

Additional file 3: Table SI. Gene expression. Median of the gene 
expression levels in the different groups relative to the gene expression 
levels obtained in healthy tendons. 



Carvalho et al. Stem Cell Research & Therapy 2013, 4:85 
http://stemcellres.eom/content/4/4/85 



Page 13 of 13 



10. Pacini S, Spinabella S, Trombi L, Fazzi R, Galimberti S, Dini F, Carlucci F, 
Petri ni M: Suspension of bone marrow-derived undifferentiated 
mesenchymal stromal cells for repair of superficial digital flexor tendon 
in race horses. Tissue Eng 2007, 13:2949-2955. 

11. Del Bue M, Ricco S, Ramoni R, Conti V, Gnudi G, Grolli S: Equine adipose- 
tissue derived mesenchymal stem cells and platelet concentrates: their 
association in vitro and in vivo. Vet Res Commun 2008, 32551-S55. 

1 2. Bosch G, van Schie HT, de Groot MW, Cadby JA, van de Lest CH, Barneveld A, 
van Weeren PR: Effects of platelet-rich plasma on the quality of repair of 
mechanically induced core lesions in equine superficial digital flexor tendons: 
a placebo-controlled experimental study. J Orthop Res 2010, 28:21 1-21 7. 

13. Schnabel LV, Lynch ME, van der Meulen MC, Yeager AE, Kornatowski MA, 
Nixon AJ: Mesenchymal stem cells and insulin-like growth factor-l 
gene-enhanced mesenchymal stem cells improve structural aspects of 
healing in equine flexor digitorum superficialis tendons. J Orthop Res 
2009, 27:1392-1398. 

14. Arguelles D, Carmona JU, Climent F, Muhoz E, Prades M: Autologous 
platelet concentrates as a treatment for musculoskeletal lesions in five 
horses. Vet Rec 2008, 162:208-21 1. 

15. Godwin EE, Young NJ, Dudhia J, Beamish IC, Smith RK: Implantation of 
bone marrow-derived mesenchymal stem cells demonstrates improved 
outcome in horses with overstrain injury of the superficial digital flexor 
tendon. Equine Vet J 201 2, 44:25-32. 

16. Alves AL, de Mattos Carvalho A, Hussni CA: Mesenchymal stem cell 
therapy for equine tendinitis. Rec Pat Regen Med 2013, 3:103-1 10. 

1 7. Burk J, Ribitsch I, Gittel C, Juelke H, Kasper C, Staszyk C, Brehm W: Growth 
and differentiation characteristics of equine mesenchymal stromal cells 
derived from different sources. Vet J 2012, 195:98-106. 

18. Textor JA, Tablin F: Activation of Equine Platelet-Rich plasma: comparison 
of methods and characterization of Equine Autologous Thrombin. 

Vet Surg 201 2, 41:784-794. 

19. Bosch G, Moleman M, Barneveld A, van Weeren PR, van Schie HT: The 
effect of platelet-rich plasma on the neovascularization of surgically 
created equine superficial digital flexor tendon lesions. Scand J Med Sci 
Sports 2011, 21:554-561. 

20. Filho Cerruti H, Kerkis I, Kerkis A, Tatsui NH, da Costa NA, Bueno DF, 

da Silva MC: Allogenous bone grafts improved by bone marrow stem cells 
and platelet growth factors: clinical case reports. Artif Organs 2007, 31:268-273. 

21 . Pieri F, Lucarelli E, Corinaldesi G, Fini M, Aldini NN, Giardino R, Donati D, Marchetti 
C: Effect of mesenchymal stem cells and platelet-rich plasma on the healing 
of standardized bone defects in the alveolar ridge: a comparative 
histomorphometric study in minipigs. J Oral Maxillofac Surg 2009, 67:265-272. 

22. Yamada Y, Ueda M, Naiki T, Takahashi M, Hata K, Nagasaka T: Autogenous 
injectable bone for regeneration with mesenchymal stem cells and platelet- 
rich plasma: tissue-engineered bone regeneration. Tissue Eng 2004, 1 0:955-964. 

23. de Mattos CA, Alves AL, Golim MA, Moroz A, Hussni CA, de Oliveira PG, 
Deffune E: Isolation and immunophenotypic characterization of 
mesenchymal stem cells derived from equine species adipose tissue. 
Vet Immunol Immunop 2009, 1 32:303-306. 

24. Watts AE, Nixon AJ, Yeager AE, Mohammed HO: A collagenase gel/physical 
defect model for controlled induction of superficial digital flexor 
tendonitis. Equine Vet J 2012, 44:576-586. 

25. Arguelles D, Carmona JU, Pastor J, Iborra A, Vihals L, Martinez P, Bach E, 
Prades M: Evaluation of single and double centrifugation tube methods 
for concentrating equine platelets. Res Vet Sci 2006, 81:237-245. 

26. Watts A, Yeager A, Kopyov O, Nixon A: Fetal derived embryonic-like stem 
cells improve healing in a large animal flexor tendonitis model. Stem Cell 
ResTher 2011,2:4. 

27. Risselada M, Kramer M, Saunders JH, Verleyen P, Van Bree H: Power Doppler 
assessment of the neovascularization during uncomplicated fracture 
healing of long bones in dogs and cats. Vet Radiol Ultrasound 2006, 

47:301-306. 

28. Livak K, Schmittgen T: Analysis of relative gene expression data using 
real-time quantitative PCR and the 2(T)(-Delta Delta C) method. Methods 
2001,25:402-408. 

29. Flaminio MJ, Borges AS, Nydam DV, Horohov DW, Hecker R, Matychak MB: 
The effect of CpG-ODN on antigen presenting cells of the foal. J Immune 
Based Ther Vaccines 2007, 5:1. 

30. Schramme M, Hunter S, Campbell N, Blikslager A, Smith R: A surgical 
tendonitis model in horses: techinque, clinical, ultrasonographic and 
histological characterisation. Vet Comp Orthopaed 2010, 23:231-239. 



31. Lake S, Ansorge H, Soslowsky L: Animal models of tendinopathy. Disabil 
Rehabil 2008, 30:1530-1541. 

32. Dirks R, Warden S: Models for the study of tendinopathy. J Musculoskel 
Neuronal Interact 201 1 , 1 1 :1 41 -1 49. 

33. Vidal M, Kilroy G, Lopez M, Johnson J, Moore R, Gimble J: Characterization 
of equine adipose tissue-derived stromal cells: adipogenic and 
osteogenic capacity and comparison with bone marrow-derived 
mesenchymal stromal cells. Vet Surg 2007, 36:613-622. 

34. Smith R, Webbon P: Harnessing the stem cell for the treatment of tendon 
injuries: heralding a new dawn? Brit J Sport Med 2005, 39:582-584. 

35. Caniglia CJ, Schramme MC, Smith RK: The effect of intralesional injection 
of bone marrow derived mesenchymal stem cells and bone marrow 
supernatant on collagen fibril size in a surgical model of equine 
superficial digital flexor tendonitis. Equine Vet J 2012, 44:587-593. 

36. Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier LA: Platelet-rich plasma: 
a milieu of bioactive factors. Arthroscopy 2012, 28:429-439. 

37. Barreira AP, Alves AL, Saito M, Amorim R, Kohayagawa A, Menarim B, Mota 
L: Autologous implant of bone marrow mononuclear cells as treatment 
of induced equine tendinitis. Intern J Appl Res Vet Med 2008, 6:46-54. 

38. Bendinelli P, Matteucci E, Dogliotti G, Corsi MM, Banfi G, Maroni P, Desiderio 
MA: Molecular basis of anti-inflammatory action of platelet-rich plasma 
on human chondrocytes: mechanisms of NF-kB inhibition via HGF. J Cell 
Physiol 2010, 225:757-766. 

39. Puissant B, Barreau C, Bourin P, Clavel C, Corre J, Bousquet C, Taureau C, Cousin B, 
Abbal M, Laharrague P, Penicaud L, Casteilla L, Blancher A: Immunomodulatory 
effect of human adipose tissue-derived adult stem cells: comparison with 
bone marrow mesenchymal stem cells. Br J Haematol 2005, 129:1 18-129. 

40. Smith R: Tendon and Ligament Injury. In Proceedings of the 54th Annual 
Convention of the American Association of Equine Practitioners 2008; San 
Diego, California; 2008:475-501. 

41. Salgado AJ, Reis RL, Sousa NJ, Gimble JM: Adipose tissue derived stem 
cells secretome: soluble factors and their roles in regenerative medicine. 
Curr Stem Cell Res Ther 2010, 5:103-1 10. 

42. Crop MJ, Baan CC, Korevaar SS, Ijzermans JN, Weimar W, Hoogduijn MJ: 
Human adipose tissue-derived mesenchymal stem cells induce explosive 
T-cell proliferation. Stem Cells Dev 2010, 19:1843-1853. 

43. Nixon AJ, Watts AE, Schnabel LV: Cell- and gene-based approaches to 
tendon regeneration. J Shoulder Elbow Surg 2012, 21:278-294. 

44. Rosenberg JB, Greengard JS, Montgomery RR: Genetic induction of a 
releasable pool of factor VIII in human endothelial cells. Arterioscler 
Thromb Vase Biol 2000, 20:2689-2695. 

45. Maffulli N, Ewen SW, Waterston SW, Reaper J, Barrass V: Tenocytes from 
ruptured and tendinopathic Achilles tendons produce greater quantities of 
type III collagen than tenocytes from normal Achilles tendons. An in vitro 
model of human tendon healing. Am J Sports Med 2000, 28:499-505. 

46. Chiquet-Ehrismann R, Chiquet M: Tenascins: regulation and putative 
functions during pathological stress. J Pathol 2003, 200:488-499. 

47. Minamitani T, Ikuta T, Saito Y, Takebe G, Sato M, Sawa H, Nishimura T, Nakamura 
F, Takahashi K, Ariga H, Matsumoto K Modulation of collagen fibrillogenesis by 
tenascin-X and type VI collagen. Exp Cell Res 2004, 298:305-315. 

48. Docheva D, Hunziker EB, Fassler R, Brandau O: Tenomodulin is necessary 
for tenocyte proliferation and tendon maturation. Mol Cell Biol 2005, 
25:699-705. 

49. Schweitzer R, Chyung JH, Murtaugh LC, Brent AE, Rosen V, Olson EN, Lassar 
A, Tabin CJ: Analysis of the tendon cell fate using Scleraxis, a specific 
marker for tendons and ligaments. Development 2001, 128:3855-3866. 

50. Young M: Stem cell applications in tendon disorders: a clinical 
perspective. Stem Cells Int 2012, 2012:637836. 

51. Taylor SE, Vaughan-Thomas A, Clements DN, Pinchbeck G, Macrory LC, 
Smith RK, Clegg PD: Gene expression markers of tendon fibroblasts in 
normal and diseased tissue compared to monolayer and three 
dimensional culture systems. BMC Musculoskel Dis 2009, 10:27. 

52. Patterson-Kane JC, Becker DL, Rich T: The pathogenesis of tendon 
microdamage in athletes: the horse as a natural model for basic cellular 
research. J Comp Pathol 2012, 147:227-247. 



doi:10.1186/scrt236 

Cite this article as: Carvalho et al.: Equine tendonitis therapy using 
mesenchymal stem cells and platelet concentrates: a randomized 
controlled trial. Stem Cell Research & Therapy 2013 4:85. 



